Harry Smith was a botanist with a driving passion to understand how plant growth, development and responses to the environment are regulated. He was a true experimentalist with a restless mind, a determination to question and the commitment to follow through. Harry valued achievement over background, and his research combined biochemical, molecular and physiological approaches aimed at understanding the behaviour of plants in the real world. This led him to a series of classical experiments, begun at the University of Nottingham and continued at the University of Leicester, studying how plants detect proximity and shading by other plants. This work transformed our understanding of the role of the red/far-red lightabsorbing phytochrome pigments in the perception of and response to vegetative shading. Harry defined the mechanism of the shade avoidance syndrome, and this work, taught to students worldwide, is of fundamental importance in understanding plant behaviour in the natural environment and agriculture. Harry was a truly inspirational teacher, research leader and head of department, and also a visionary founder and editor of successful journals such as Plant, Cell and Environment, Molecular Ecology and Global Change Biology, as well as being a veteran gardener, tree planter, artist and car lover.
and spent some time in an iron lung. Terry Attridge, one of Harry's first PhD students, recalls that Harry once told him that by the time he reached his twenty-first birthday he was spending several hours each day outside the machine, but did not have the confidence to sleep outside it, in case he stopped breathing. On his birthday, a nurse gave him a thimbleful of sherry, which sufficiently intoxicated him that he could not coordinate his breathing with the operation of the iron lung and had no choice but to sleep outside the machine for the first time in many months.
Polio left Harry with a permanently weakened arm and other health problems that were to emerge later. He took time off to recuperate before resuming his studies, and was contacted by Elinor, who was concerned about him, and eventually they were married. His disabilities simply made Harry more determined to succeed, and with the support of Elinor he went on to forge an exceptional career.
After graduating in botany from the University of Manchester in 1959, Harry went to what was then the University College of Wales, Aberystwyth, to become a research student. He worked in the laboratory of the eminent plant physiologist Philip Wareing (FRS 1969) on the perception of gravity by woody species (1, 2)*. This sparked an enduring interest in the ability of plants to detect and respond to environmental signals. During a two-year post-doctoral research fellowship at Yale with Arthur Galston, Harry became interested in phytochrome, a plant photoreceptor that had recently been identified and partially characterized by Harry Borthwick, Sterling Hendricks and colleagues at the United States Department of Agriculture (USDA) at Beltsville, Maryland (Butler et al. 1959) .
When Harry returned to the UK, he had three short appointments as a lecturer, two in London, at Birkbeck College and Queen Mary College (QMC), and then one at the University of Manchester in 1967, where he remained until 1971. The students at Manchester gave the academic staff botanical names and descriptions, and Harry's was Physiologa rotundus, ' . . . showing prominent secondary thickening', which he took in good heart, musing that it was not so bad when compared with that of two colleagues, Physiologa longichaticus and Physiologa incomprehensis! From Manchester, Harry moved to the University of Nottingham in 1971 (see figure 1 ), where he was sometimes known as 'H', and then to University of Leicester in 1978. Harry remained at Leicester until his retirement in 2003, after which he was made a special professor in the new School of Biosciences at the University of Nottingham Sutton Bonington Campus (SB).
The true character, personality and leadership qualities of a researcher are most apparent when he or she is starting out. In this, Harry seemed to be fearless. He always wanted to know about the big picture, was always asking questions, but his enthusiasm was tempered by critical thought and careful experimentation. He enthused and inspired people to do research. An undergraduate taught by Harry, Simon Covey, who subsequently was one of the first people to highlight the importance of the cauliflower mosaic virus 35S promoter, remarked that whenever he made a comment or assertion it was notable how often Harry would challenge it, or ask for justification. Harry had an uncanny ability to identify and attract people with exceptional qualities and enlist them in his cause, and he is remembered with great admiration and fondness by many worldwide who knew and worked with him throughout his career.
Terry Attridge, who later on also went to Arthur Galston's lab as a postdoc before re-joining Harry's group, has a hypothesis about Harry's ability to select people, and the author is very much in agreement. In 2015 Terry wrote: * Numbers in this form refer to the bibliography at the end of the text. Thinking about the early days of Harry it seemed to me that a theme began to emerge with respect to the people he gathered around him. His first three research students were Barbara Koller, a married German woman, late twenties or early thirties, he had met in Yale when she was a technician, myself a rather aggressive Eastender none of the other staff at QMC would have touched with a barge pole, 1 and Dave Berry, a 3 rd class Hons from Oxford who had to flee from the USA after two years of his PhD when his draft papers for Viet Nam arrived. Dave went on to a lectureship at Strathclyde, I think, which he quickly turned into a personal chair. At Manchester Harry met and worked with a bright young lecturer, George Stewart, who took later the chair at Birkbeck and then University College London, before moving to Australia. Both Harry and George were quite volatile characters in those days and the experimental partnership soon broke up. George had no funding but required NADPH (the reduced form of nicotinamide adenine dinucleotide phosphate) for his experiments. Harry had funding and took to locking his NADPH in a 'money box', the finest that Woolworths could supply. George got the 'money box' out of the deep freeze one night but failed to burglarise it. In the morning Harry came in and found his damaged but unopened 'money box', but couldn't open it himself because it looked as if someone had been jumping on it and the lock was frozen. Harry's major interest was always phytochrome, but for his inaugural lecture at Nottingham in the early 1970s he chose to speak about the promise held out by plant genetic engineering, and he continued to discuss the practical implications of his work years later (17). When Harry moved from Manchester, he and Elinor soon set up house in nearby East Leake, where they remained until after he retired. Harry was, with Elinor's help, a keen gardener and designer, and he replanted and remodelled the garden in East Leake and also founded and supervised the planting of a small arboretum at SB, which still exists today. When expansion of the East Midlands Airport at Castle Donington was projected, Harry joined the East Leake Preservation Society to campaign against expansion, and soon became its president.
Harry may have left SB for Leicester out of frustration, because his ideas were more progressive than those of some of the other, older, professors at SB. He could see further than most how plant, agricultural and ecological sciences would develop. He was impatient for change. The University of Leicester Botanic Garden may also have been an attraction; he certainly developed Leicester as an important plant centre. He remained living at East Leake, however, and commuted to Leicester in one of his cars, and he and the author met from time to time in the Pit House at West Leake for discussions long into the night, often about ideas and plans, policies and administrators. On one occasion, he grumbled: 'It's crazy! We have discovered something entirely new and unexpected, followed it up, and published some really important papers, but the Research Council that funded it has graded the final report unsatisfactory, because we did not do what we said we would do in the original grant application!'
Harry was fascinated by the discovery of phytochrome and the far-reaching predictions that could be made about its mechanism of action from relatively simple but ingenious experiments, and this was to occupy much of his thinking for the remainder of his scientific life. The story had begun in the United States with the study of the photoperiodic control of flowering of Maryland Mammoth tobacco plants (Garner & Allard 1920) . It was followed up at USDA by Harry Borthwick, who, starting in 1936 (see American Chemical Society n.d.), showed that giving a short period of light during the night induced some plants subsequently to flower, while the same treatment inhibited the flowering of other species. Sterling Hendricks and Harry Borthwick showed that a night break with red light was the most effective and strongly inhibited flowering. Eben and Vivian Toole, who were studying the control of seed germination by light, showed that 670 nm produced optimal germination, whereas far-red light around 700 nm strongly inhibited germination. These experiments led to the hypothesis that plants possess an undiscovered photoreceptor controlling different aspects of growth and development. The photoreceptor must be photo-reversible, since the effects of irradiation with red light could be reversed by far-red light if given immediately afterwards, and it would appear blue-green in colour because it absorbed red or far-red light. Following on from these and other ingenious experiments, the search for phytochrome was successfully concluded (Butler et al. 1959; Hendricks & Borthwick 1967 ). Many subsequent experiments by numerous authors showed that red light, perceived by phytochrome, could regulate many different aspects of plant growth and development.
At that time Harry was studying several aspects of phytochrome control of plant development, including the red light induction of phenylalanine ammonia lyase activity in seedlings, in collaboration with Terry Attridge and others (3, 4, 5), and it was this programme that Harry brought to SB in 1971. For this work, Harry's team used copious amounts of deuterium oxide to density-label newly-synthesized proteins in germinating seedlings in order to test for de novo synthesis of the enzyme induced by phytochrome. The need for isopycnic equilibrium centrifugation, to separate proteins on the basis of density, brought the first ultracentrifuge to SB and it hummed away merrily day and night spinning caesium chloride gradients to separate light and heavy enzymes. It worried the SB surveyor, however, who was concerned about the weight distribution on the third floor of the North Laboratory. Photoreversibility by red/far-red light was the criterion for phytochrome involvement, and there were many other investigations of the physiological and biochemical consequences of phytochrome photoactivation. By that time, the accurate action-and absorption-spectra of the Pr (660 nm) and Pfr (730 nm) forms of phytochrome were known and Harry used 660 and 730 as the numbers for the combination locks on his briefcase.
We now know that the phytochromes are a superfamily of sensory photoreceptors that probably originated in bacteria. Plant phytochromes are soluble polypeptide dimers, and each polypeptide has an amino-terminal domain covalently attached to a linear tetrapyrrole chromophore, first studied by Sterling Hendricks, and a carboxy-terminal regulatory (output) domain. The phytochromes sense the light environment (presence/absence, wavelength, fluence rate, photoperiodicity) and initiate appropriate responses. The inactive, red light absorbing form of phytochrome is Pr, which, on absorbing red light, is converted to Pfr, the active far-red light absorbing form, and these two alternative conformations of phytochrome are interconvertible by red and far-red light. Spectrophotometers had been developed for analysing the concentration of photo-reversible phytochrome in plant tissues and this led to the recognition of the phenomenon of 'phytochrome decay'. This can now be understood, because upon illumination of Pr with red light, the resulting Pfr is rapidly translocated into the nucleus, where it interacts with PIFs (phytochrome-interacting factors, members of the basic helix-loop-helix transcription factor family). This interaction leads to rapid phosphorylation of Pfr and its degradation by the ubiquitin proteasome machinery, leading to the activation of transcription factors and downstream response genes required for various facets of photomorphogenesis.
Harry had many research interests: the responses of trees to gravity, the mechanism of enzyme induction by phytochrome, light and plastid development, cell and tissue culture, purification and properties of cysteine proteinases from various fruit, to list just a few. Harry's major contribution to the phytochrome story, however, and to plant and ecological science, was the rigorous and insightful studies that he inspired and led on the role of phytochrome in the natural environment, and the development of what became known as the shade avoidance syndrome. Peter Quail, at the Plant Gene Expression Center in Berkeley, himself a giant in the phytochrome field, wrote of these achievements when Harry was awarded the 2008 Molecular Ecology Prize (Quail 2009 ):
I first met Harry at a photomorphogenesis symposium in Greece in 1971. As a newcomer to the field, I remember particularly being impressed by the clarity of his presentation, the incisiveness of his comments in the sessions, and his contributions to the many animated and stimulating freetime discussions that were the hallmark of that meeting. However, I did not realize that he was already beginning to cogitate on a paradigm-shifting conceptual breakthrough that would create a new dimension in thinking about the way in which phytochrome functions in the plant.
Peter also noted ' . . . the determination, attention to quantitative detail and high-quality experimentation that Harry brought to all his science' (Quail 2009 ).
The history of the developments of shade avoidance research is described succinctly in a review published by Harry and Gary Whitelam 20 years ago, in which they outlined the early experiments and achievements of personnel at SB and Leicester who were associated with this work (19, but see also: 10, 15, 17, 18). Plants growing in communities face severe competition for light and other resources. Shading by neighbours is of great importance because it deprives plants of light for photosynthesis and reduces their competitiveness not only in the natural environment but also in agricultural situations. There are two ways to respond-either tolerate shade, or avoid it-and many angiosperms have evolved mechanisms that enable them to avoid shade. The key to this is the dynamic equilibrium between the Pr (red light absorbing) and Pfr (far-red light absorbing) forms of the phytochromes, which is determined by the amount of incident red and far-red light falling on the plants. Shade-intolerant species detect shading by neighbouring plants by measuring the red/far-red (R : FR) ratio in the incident light, which has been filtered or reflected by neighbours; the red and blue components in this canopy-filtered light are lower because of absorption by carotenoids and chlorophylls in nearby or overhanging plants.
Terry Attridge wrote: 'It was Geoff Holmes and Harry who started the whole phytochrome and the natural environment area; Geoff got a lower second at SB, and lucky at that, he used to say.' Geoff had been taught by Harry and the author and, after graduating in 1972, under Harry's guidance he was the first person to make quantitative measurements of natural spectra and analyse them in terms of the red/far-red ratio (6, 8) . These measurements were then related to the estimated Pr/Pfr photoequilibrium in plants receiving the radiation, and the relationship was shown to be a rectangular hyperbola (9). Harry then used artificial light sources, which varied in their R/FR ratio but provided the same photosynthetically active radiation, and established that plant extension growth was related directly to the perception of light quality by phytochrome (7, 11, 12, 13, 14) and corresponded to plant growth responses in the natural environment. Further work (16) established that the stimulation of extension growth by plants receiving low R : FR occurred with a lag phase of only a few minutes. 'In our laboratory,' Harry and Gary Whitelam wrote (19) , 'in a 3-week experiment, we have grown sunflowers to 1 m tall under low R : FR radiation, when the controls grown in high R : FR reached only 25 cm!' Harry knew, of course, that it is not only elongation growth and shade avoidance that are stimulated by low R : FR ratios, and perception of and response to light quality by phytochromes is also important in many phases of the life cycle, including seedling establishment, de-etiolation, plant architecture and flowering (Franklin & Quail 2010 ).
Harry's judgement of character
Terry Attridge continues: 'Moving on to SB, Harry appointed you [the author] as a lecturer without a PhD and I remember he got very grumpy when you were writing grant applications rather than writing up your thesis.' Terry and the author both remember Harry coming into the lab at SB, waving a letter and saying: 'This student wants to do a PhD. He has a first-class honours degree from Cambridge and has applied to do research here, but look what his tutor has written about him.' The reference, from his head of department, said the fellow 'had been a representative on the staff student consultative committee, was a trouble-maker, and could not be recommended', and Harry said: 'Just the sort of person we need at SB!'
A former SB student, Brian Hemmings FRS, who graduated in 1972 said:
I first got to know Harry Smith at Sutton Bonington, where he lectured to me. I carried out a research project in his laboratory with additional supervision from Terry Attridge and Susan Iredale. This was an important (pivotal) phase in my career and I became convinced that I wanted to take up a research career. Essentially, I decided during my interactions with Harry that research was my calling for the next forty years. I remember Harry had considerable empathy for his co-workers, and enjoyed the banter at The Star! Terry remembers:
When we first saw Gary Whitelam (another PhD student) he was dressed as a Teddy Boy or Elvis look-alike. I remember a very aggressive interaction between him and Harry at some meeting. Nonetheless Harry recognised the immense ability of this man and took him on. Gary succeeded Harry as head of department in Leicester and it was a sad loss when he also died a few years ago.
One of Harry's important qualities was to lead and inspire others and he was capable of achieving this at many levels, not least in enlisting the help and enthusiastic participation of the founding members of the editorial board of one of his journals, Plant, Cell and Environment. Three out of four of them went on to become Fellows of the Royal Society.
Cars, publishing and family
As mentioned, polio left Harry with a permanently weakened arm and he had to use a characteristic swinging motion in order to get his coat or jacket onto his shoulder. He was also very susceptible to lung infections, and in later life also developed sleep apnoea, which was occasionally embarrassing before it was diagnosed, because he would sometimes fall asleep in meetings, including on one occasion at the Royal Society. Because of the apnoea he was advised to wear a respirator while sleeping, which he duly did for the remainder of his life, and in the mornings a careful observer could detect the slight depression left on his face by the elastic that held the mask in place while he slept.
Harry loved cars, but had to use an automatic gearbox because of his weakened left arm, and even then it was necessary for him to use two hands to engage the drive. It was not uncommon for him to have two or three cars; in the early days it was a Volvo, but later there was a Jaguar, sometimes two, including an E-Type, a Mercedes and sometimes a Range Rover. When Harry and the author were both invited to speak at a conference in Germany, he suggested that we should travel together. We set off in Harry's Land-Rover and, apart from the Channel crossing, Harry insisted on driving all the way. After a successful conference, on our return journey we planned to stop off overnight in Belgium, but as we approached our planned resting place we found the whole town in darkness as a result of a power-cut. Fortunately, the batteries on Harry's portable respirator lasted until the power came back on and we proceeded back to the UK the following morning.
Harry had tremendous enthusiasm and with great vision he made a major impact in scientific publishing. His first venture was helping to launch Current Advances in Plant Sciences in the 1970s with Robert Maxwell, co-founder of Pergamon Press, with Jennie Elliott, a former Nottingham PhD student, as Assistant Editor, and this journal merged with Current Awareness in Biological Sciences in 1980. This was just the beginning, however, and when he got to know Bob Campbell from Blackwells, Harry played a crucial role in founding and developing three very successful and highly valued journals: Plant Cell and the Environment (1978-), Molecular Ecology (1992-) and Global Change Biology (1995-). He was both Managing and Chief Editor during the critical early days of Plant Cell and the Environment and Molecular Ecology and Managing and Founding Editor of Global Change Biology. Harry's insight, determination, scientific acumen and sheer hard work were probably the critical factors in the development of the strong international reputations of these journals. His ability to organize and run an editorial office was highly regarded by many. In this he was aided by his wife, Elinor, and daughter, Siân, who were exceptional journal secretaries, while his son, Michael, designed and wrote the software for a very effective and muchadmired manuscript management system. In his dealings with publishers, editorial board members and authors, he made many friendships and was greatly respected for his ability, vision and enthusiasm. In his obituary published in Molecular Ecology (Rieseberg 2015) , Loren Rieseberg FRS wrote: 'Harry touched most of the community through his personal and friendly emails as he guided the journal through its first 16 years . . . ', and he copied a few messages sent following Harry's death. One of them read: 'I'll always remember Harry ringing
